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SUMMARY:

This is one of a series of four volumes of tech-
nical reports which address the implications for arms
control in technology transfer to less developed countries.
The four volumes include:

Volume I - Considerations in Controlling
Dual-Use Technology Products:
An Overview (Unclassified)

Volume II - Exploitation of Civil Inertial
Navigation Systems (INS) for
Military Purposes by Less
Developed Countries (LDC'S)
(Confidential)

Volume III - A Study of the Exploitation of
Dual-Use Technologies: South
Korea (Confidential)

Volume IV* - Essays on the Role of Coproduc-
** tion and Dual-Use Technology in

the Development of LDC Arms
Industries (Unclassified)

This volume examines motivating factors, infra-
structures, and patterns in arms development and production,
as they relate to the role of coproduction and dual-use
technologies in the development of indigenous arms indus-
tries in LDC's.

* This volume. .. •• ,i•

** Includes index to all four volumes. .
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INTRODUCTION

This examination of the role of coproduction .and
dual-use technology (DUT) in the development of arms indus-
tries in less developed countries (LDCs) will first survey
the factors motivat'ing LDCs to produce armaments locally
and then consider the scientific, technical and industrial
infrastructure required for such production. There are dis-
tinctive patterns in the manner whereby LDCs progress toward
indigenous a7.-ms production aud these will be described.
There are a number of military technologies and DUTs which
will, as their application expands, affect future LDC arms
production. These will be identified with particular ref-
erence to their application to those weapons systems with
potentially greater destabilizing impact such as surface-
to-surface guided missiles, as well as their effect on
coproduction and licensing agreements in which virtually all
LDCs-and most developed countries-participate at someL stage in the prcduction of complex products, including
modern arms. Because current trends in the design, produc-
tion and application of modular components can signifi-
cantly upgrade and greatly extend the effective life of
sophisticated weapons systems, current trends in this area
will also be examined.

The data contained in this volume are based in
large part on studies of weapons acquisition and production
patterns in ten LDCs reviewed as part of the overall inter-
agency study of the Executive Branch.* Information on other
LDCs is introduced as available and pertinent. With regard
to the LDCs subjected to special study, a caution is sug-
gested. There are several reasons for questioning the
applicability of the Israeli model to other LDCs. While
numerous similarities do exist, particularly since Israel
has followed the general pattern of other LDCs in the acqui-
sition of arms and development of an indigenous arms indus-
try, there are important differences which could argue
against drawing too heavily on the Israeli experience as
a guide to future developments in other LDCs:

0 In terms of population, (3.6 million,
including Arabs) Israel compares very un-
favorably with the other nine whose
population ranges from 246 million for

* Ten countries studied are listed in Table 1, page 7.

ML, S.... . . .... . .,' , z , " "' ,. .. ...
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India, 110 million for Brazil, 40
million for South Korea, etc. In
addition, since 1973 a significant
"brain &rain" has developed.

* Although Israel's per capita GNP
($3,720) is higher than any of the
LDCs studied, its overall GNP is
only $13 billion ranking it next to
last in the group (North Korea-
$10 billion).

* Israel has almost no natural and
energy resources. Despite this,
Israel does have a degree of managerial
and technical expertise unmatched by
any of the other LDC's studied.

* The -magnitude and immediacy of the
threat to Israel's national exis-
tence in terms of the size and
military capabilities of potential
enemies is greater than that of any
of the countries stLudied.

* Because of this and as a result of
the unique circumstances which led to its
founding as a nation, Israel has enjoyed
special access to foreign technology not
only in the United States but in Western
Europe as well.

* unlike many of the other regional con-
flicts which have taken place or are
threatened in some areas, those in-
volving Israel and its neighbors since
1956 have been virtually superpower
confrontations by proxy involving
"state-of-the-art" weapons systems
on both sides.

* The peculiar nature of Israel's con-
frontations with its neighbors has
meant that Israel will (a) incur

defense expenditures which it can neverI
hope realistically to offset through
export of weapons indigenously manu-
factured regardless of their quality,
and (b) continue to acquire advanced
systems from foreign suppliers.
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It is our view, therefore, that although Israel's

actions to achieve indigenous arms production capabilities
provide useful indicators on how LDC's so strive, it cannot
serve as a complete model because of the uniqueness of its
origin, its position in the world geopolitical, environment,
and its relatively high order of sophisticated technological
skills and knowledge.

4',
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DEFINITIONS OF KEY TERUMS

The definitions set forth below are working defi-
nitions and are not meant t6 be exhaustive. There are
numierous variations, particularly with regard to licensing
arrangements, and there are no sharp distinctions made in
much of the literature on LDC arms production between "li-
censed production" and "indigenous production." Additional
detail on this aspect of the problem can be found in the
later section or. "Patterns of LDC A~rms Development and
Production."

Dual-Use Technology:

As used in this annex, dual-use technology (DUT)
may be defined as that technology which is appli-
cable to both civilian and military requirements.
Military application may be either direct and
specific (utilization of a microprocessor in the
target acquisition and fire control system of
modern surface-to-air missiles) or indirect and
general (construction of an integrated steel mill
as a prerequisite to production of modern artil-
lery). Export of DUTs is normally controlled by
the Department of Commerce through the Commodity
Controi List rather than the Department of State
through the International Traffic in Arms Regule--
tions (ITAR).

Licensed Production:

Production authorized by the firm or firms v:iiich

developed the weapons system or sub-system (owner).
Licensed production can take these forms:

0 Assembly: The assembly of all or part of
lthe system using components provided by
the owner.

* Partial Production: The owner licenses a
foreign firm to produce the system in its
own facilities but continues to provide
many of the components. This is often done
because the owner desires to protect pro-
prietary technology or retain a commercial
advantage. Also, the licensee may feel that
this is a more economical approach even
though it is capable of producing the com-
ponents in question. Because the percentage

4
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of locally produced components of a given
system may be very high, and because the
licensee provides much or all of the capi-
tal, labor force, raw materials, etc.,
partil production under license is often
referred to as "indigenous production."

* Coroduction: Production of part or all
of the systems produced in conjunction
with other producers including the owner
in which the coproducer supplies part of
his production to other members of his
group for une in manufacturing the final
product. Coproduction can be limited
(and often is) to bilateral agreements
between an LDC and owner or can refer to
the more complex, production consortia
arrangements such as those in effect
among certain NATO countries for copro-
duction of the U.S. F-16 aircraft.

Indigenous Production:

Design and manufacture of a weapons system
locally. In such cases, albeit rare for
advanced weapons systems, input to the
development and production process is
primarily indigenous.

i5
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SURVEY OF FACTORS MOTIVATING LDC ARM4S INDUSTRIES

Among LDCs studied, motivations for developing a
capability to produce arms are as diverse as the couaitries
themselves. It is difficult to discern firm patterns even
when the countries are grouped according to region or tier.
Several rationales, ranging from perceived threats of attack
to the need for foreign exchange, were examined. None of
them applied in precisely the same degree to each of the
countries concerned. We did, however, est-ablisb that if
a common factor exists, it is the desire of these LDCs to
free themselves from foreign domination of the arms trade.
Each of them has had experiences in which traditional arms
suppliers have taken action which an individual country,
rightly or wrongly, considered inimical to its national
interest. These tendencies to seek independence in arms
production are in harmony with the growing sense of frus-
tration felt by developing nations because of their con-
tinuing economic dependence on the developed world. it is
unlikely, therefore, that we shall see any diminution of
efforts by LD':s to create local armaments industries.
Understandably, progress toward this goal has not been
unif~orm among the ten countries reviewed but there appears
to be general agreement on the concept.I Table 1, showing the scope of arms production

j activities of these LDCs, indicates that with few excep-
tions, their high motivation to develop arms industries
has resulted in their producing a wide range of systems.
At the same time, the mix of motives in some cases influ-
enced the rate in which policy has been implemented.
Table 2 sets forth the factors we believe important in
motivating decisions on indigenous arms production. They
are discussed below.

.. -SECURITY FACTORS .- _

Threat of attack by a hostile neighbor or coali-
tion of neighbors ranks high as a determining factor in
seven of the ten countries. In each case the threat de-
rivres from traditional rivalries some of which have
resulted in armed conflict on at least one occasion:

0 Egypt - Israel
* India - (Pakistan, PRC)
* South Korea -North Korea

~ <1 * Taiwan - (PRC)
* Yugoslavia -(USSR, Warsaw Pact neighbors)51 6
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TABLE 1. SCOPE OF ARMS PRODUCTION ACTIVITIES

MILITARY AIRCRAFT MISSILES AFV's* WARSHIPS

ARGENTINA V / / V

BRAZIL V / V

-i i EGYPT V V

I ~~INDIAV VV

ISRAEL V V V V

KOREA, NORTH V V V

KOREA, SOUTH V V V

SOUTH AFRICA V V V V

TAIWAN V V V

YUGOSLAVIA V V V

*.Armored Fighting Vehicles, i.e., tanks armored cars and
armored personnel carriers.

7
4 i
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TABLE 2. MOTIVATIONAL FACTORS

COUNTRIES-

FACTORS

SECURITY FACTORS*
Perceived threat of attack 2 1 4 4 5 4 5 3 5 4

Domestic unrest, armed insurrec-
tion 4 3 1 1 2 1 3 5 2 2

POLITICAL FACTORS

Perception of regional or global
role 4 5 4 4 5 3 3 4 4 5
Military/authori tarian regime 5 5 S 1 2 5 5 5 5 5

International or regional
isolation 2 1 3 2 4 2 2 5 5 2

Unwillingness to accept
constraints on arm utilization
imposed by foreign iuppliers 3 3 4 4 5 4 4 5 5 4

Concern over possible weapons/
spare parts arisirrg from domes-
tic policies or adver..zry
pressures on suppliers. 5 4 3 5 5 5 5 5 S 4

ECCHOMIC FACTORS

ialanev. of trade 4 5 3 1 4 3 3 1 2 4

E~curA•alic growth 4 4 4 Z 2 3 3 3 2 3
Expansion of employment base 4 4 5 3 3 3 3 1 3 4

* wvl~ht~ng Scabt-baw to high 1-5.I

8
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p The reality of these concerns is also reflected in
other indicators. For example, of the six of the countries
on our list facing traditional enemies, five ranked highest
in 1976 in terms of petcentage of GNP devoted to military
expenditures and members ot the armed forces per 1000 of
population.1

Armed Forces Members
Percentage of GNP Per 1000 of Population
Israel 32.2 Israel 52.63
Egypt 10.5 North Korea 29.41
North Korea 9.6 Taiwan 28.37
Taiwan 8.9 South Korea 16.53
South Korea 6.1 Yugoslavia 12.79

South Africa 5.4 Egypt 10.53
Yugoslavia 5.0* Argentina 5.9
India 3.4 Brazil 4.09
Argentina 2.4 India 2.23
Brazil 1.3 South Africa 2.20**

1
S- World Military Expenditures and Arms Transfers 1967-
1976, U.S. Arms Control and Disarmament Agency, July 1978.

=A-figures based on 1975 constant dollars. Data for
Taiwan are for 1975. The 1976 figures not available.
* 1976 figures for Yugoslavia not available; figure is
for 1975.

** Note: This figure is based on total population. How-
ever, since the armed forces are composed predominantly o-
whites, who make up approximately 18 percent of the popula-
tion, the ratio of armed forces per 1000 of the white popu-
lation would be much higher. (0.12.2).

Despite the correlation between defense outlays,
military manpower commitments and concera over possible
attack, the latter is not always the most accurate indica-
tor of the growth of indigenous arms production. For
example, Brazil is not troubled by fears of invasion but

9
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has made gra strides in arm production. Prior to 1973,
Brazil -Yas not an arms exporter but by 1976 it ranked
second to Israel, the leading exporter of irdigenously
produced arms in the developing world. This suggests we~
will need to look elsewhere for Brazil's motivation. In
addition, external threat motivation may change over time
as perceptions of the immediacy of the threat evolve and
other factors become more important to arms production.
In Yugoslavia's case, concern over possible Soviet or Warsaw
Pact military intervention clearly provided the initial
motivation for developing an indigenous arms production
capability; but in recent years eirports to the Third World
have become a paramount consideration both to improve
Yugoslavia's chronic balance of payments problems and to
enhance the country's position as a leader of the Non-
Aligned Movement.

Apart from the threat of attack, there are other
security cons iderationis which predispose some of the coun-
tries on the list to foster indigenous arms production.
These factors relate to concerns over domestic unrest
sparked by political opponents or ethnic rivalries. Such
unrest, particularly if provided external assistance, carn
develop into armed insurrection. opposition elements exist
to some degree in nearly all of the countries studied, but
only one, South Africa, faces problems of a degree that must
have influenced its indigenous arms production policies.

Because current and potential unrest in South Africa de-
rives from its racial policies, the country faces growing
isolation. As a so-called *pariah* state it has faced con-
straints in arms procurement and this factor, discussed
below, has served to reinforce South Africa's determination
to insure that it possess the weapons it will need to "main-
tain internal security," and have a free hand to cope with
externally supported rebellion and even invasion should this
develop.

POLITICAL FACTORS

Political influences affecting decisions to de-
velop indigenous arms production are more subtle and less
susceptible to precise defination than either security fac-
tors or economic considerations. Nevertheless, they play a
vital role in determining the scope and pace of arms pro-
duction programs, even when other factors, such as threat
of attack or balance of payments problems supply the

10
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initial impetus for the poli~cy decision. For this dis-
6 cussion, political factors have been grouped under three

major headings: The Natio~nal. Self-image, The Nature of the
Regime, and Supplier-Recipient Rpelationships.

National Self-Image

The perception held by a nation's elites of its
global or regional role will frequently provide important
clues to decision-making on defense related matters. The
energy crises which began in 1973 created balance of pay-
ments problems for Brazil and all other LDCs. In Brazil's
case, growing arms exports have helped somewhat to alle-
viate those problems. Nevertheless, had Brazil not had a
self-image whereby Brazilians saw themselve~s as the lead-
ing South American power, it is doubtful if the. arms
industry would have-received the attention it did. Con-
versely, it is Argentina's conviction that it occupies a
special place among Spanish-speaking countries of Latin
America. It is this conviction rather than fear of actual
invasion by its neigahbors which has contributed, along with
other factors, to its decision to create its own armaments
industry. As suggested above, prestige considerations re-
lated to Yugoslavia's sense of its role in the Non-Aligned
Movement have reinforced Yugoslavia's determination to
support an indigenous arms industry.

While none of the LDCa studied actually aspires
to world power status, certain of them such as Brazil and
India have come to exp~ect the world community to accept
them as the dominant power in their respective regions.
Egypt enjoyed this status among the Arab states, but the
peace arrangements with Israel have brought about chal-
lenges; to Egypt's position which adversely affected Egyp-
tian plans to expand its arms production capability. The
dissolution of the Arab Organization for industrialization
(AOI) earlier in 1979 brought about major changes and some
cancellation to many projects. It is too soon to predict
how new Egyptian arrangements for assistance from the U.S.
will work out and hc- ' evolution of the "Peace process"
will affect Egypt's long-term relations with the Arab
world.
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The Nature ofthe Rgm

The nature of individual LDC regimes will also
impact on arms production policies, but normally in concert
with other factors, most of which can be traced to the poli-
tical system and ideology in effect in a given country.
Aside from India and Israel, none of the LDCs reviewed
adhere to democratic norms although the kind and degree of
actual political repression vary considerably from country
to country. Two, North Korea and Yugoslavia, are Communist
states (albeit greatly dissimilar). Many LDCs studied are
regimes in which active-duty or former military of ficers
occupy key governmental positions and the influence of the[
armed forces is strong. Because state leaders rely heavily
on the armed forces in their administration of government,
there is a te~ndency to go along wi'.+h the desires of the
military for improved weapons systems. At the same time,
military-dominated regimes are particularly s~ensitive to
internal opposition and the desire to suppress such oppo-
sition adds to the pressures for enhanced arms production
capabilities. Argentina and Brazil, in Latin, America, are
excellent examples of this tendency. Similar- influences
are at work in South Korea and Taiwan where they reinforce
the motivation for arms production already present because
of fear of hostile attack. For one reason or another, then,
such countries have motivations leading t4-o large standing
armed forces which of themselves create a market demand for
military goods which can stimulate indi~genous arms pariduc-
tion programs.

In some cases, the nature~ of its regime can result
in isolation of a country by the world community or within
its own region. South Africa, within the group reviewed,
is the best example of a "pariah" regime whose isolation
is due to its racial policies. This sense of isolation
together with the U.N. arms embargo directed at South
Africa since November 1977 have made it imperative that
it create an indigenous arms production capability, at
least for those weapons systems it considers essential to
the maintenance of internal security and an adequate defen~se
against its African n~eighbors.

For example, the South Africans designed, de-
veloped, and are now producing the "Ratel (Badger) ," aI
wheeled, armored vehicle to meet both internal security
operational needs and other defense requirements of the
South African Army. The "Ratel" closely resembles the

V French Berliet VXB and its design probably refJ.ects the

12
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special relationship South Africa has enjoyed over time
with France. Some aspects of this relationship may well
survive the embargo. For example, the French AML-90
armored car, the 90 mm gun turret of which is being adapted
for one version of the "Ratel," still is produced under
license in South Africa. Nonetheless, South Africa doubt-
less recognizes that the very survival of the present re-
gime will depend on its ability to produce selected weapons
systems containing a high percentage of locally manufactured
components.

There are, of course, cases in which a nat.-Nn may
be isolated for reasons other than the nature of its politi-
cal system. Israel was isolated by Arab neighbors for many
years and Taiwan is becoming increasingly isolated becausie
of pressures on its friends and trading partners by the
Peoples Republic of China. In these cases, however, it
was not the regional isolation but other factors arising
from supplier-recipient relationships which gave impetus to
the development of arms production capabilities. In the
case of Taiwan, the PRC factor has placed stringent limita-

tions on the kinds of weapons systems it can obtain from theI; U.S., its traditional supplier. M4ore significantly, it has
very nearly eliminated West European alternatives because
of the reluctance of the countries concerned to risk irri-
tating the PRC. The result is to isolate Taiwan almost
completely, thus denying it access to the high technology
weapons systems it believes it must have to preserve its
independence.

Supplier-Recipient Relationships

Nothing has served to stimulate the development
of domestic arms production more than the reliance of LDCs
on superpower arms suppliers and the tendency of the latter
to dictate the terms whereby LDCs can employ the arms they
purchase, or manufacture iuider license. Worse, from an LDC
point of view, has been the readiness of arms suppliers to
interrupt shipments of weapons systems and spare parts at
times when the very existence of a given LDC was threatened.
Here are a few examples taken from the experiences of the

ten countries studied of the'"father knows best" attitude

which has characterized relations between supplier na~itions
aad the developing world:

13 i
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Argentina: 1977 U.S. determines that no cre-
dit or cash military sales
can be made to Argentina be-
cause of its denial of hiuman
rights.

Brazil: 1977 Býrazil included in list of
countries to whom no credit
can be extended by the U.S.
for military purchases. Re-
fusal of U.S. to approve sale
or coproduction of certain
high performance combat air-
craft, missile guidance sys-
tems, etc.

Egypt: 1973 USSR curzailment of supplier
relationships with Egypt,
denial of spare parts and
pressures on other clients
such as North Korea to do the
same.

Iudia: 1971 U.S. "tilt" toward Pakistan
and arms embargo (and since)
during the 1971 India-
Pakistan war.

1974 Soviet refusal to permit
India to furnish Egypt with
parts from MIG-21s produced
under Soviet license in
India.

Israel: 1967 France, hitherto the major
foreign supplier, declared
a total arms embargo.

1973 The United Kingdom refused
to deliver spare parts for
Centurion tanks.

1978-79 Because it contained U.S.
components, the U.S. blocked
the sale of the Israeli
"Kfir" fighter to Ecuador.

Korea, North: 1970s USSR refusal since 1974 to
supply North Korea with
advanced aircraft.

14
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Korea, South: 1971-77 Curtailment in levels of
U.S. mi'itary assistance;
U.S. plans to continue re-
ductions in its forces in
Korea.

Taiwan: 197'3 U.S. refusal to sell ad--
vanced combat aircraft
(F-16); U.S. recognition of

PRC. Kfir turndown (see
above).

These actions by suppliers clearly accelerated
trends to indigenous arms production by many LDCs, more and
more of whom proclaimed their determination to achieve in-
dependence in weapons acquisition. If their "independence"
is to be judged by the percentage of imported components
contained in the weapons they produce, then none of the LDCs
have reached their goal. In manufacturing modern military
aircraft, missiles, armored vehicles or naval vessels, they
all require some degree of foreign assistance which normally
takes the form of direct import of key components in their
productiou locally under license. Despite this, many LDCs
have indeed achieved greater independence in arms acquisi-
tion, particularly in cases which involved a shift from a
traditional, sole supplier relationship, to the exercise of
the multiple options which are nrw available as manufactur-
ers in Western Europe anti several Communist countries be-
come more competitive technologically and more liberal in
their willingness to meet LDC needs.

ECONOMIC FACTORS

Economic considerations are evident in the indi-
genous arms production policios of each of the countries
studied but with few exceptions they were not the source
of the initial motivation. In every case, the impetus for
creating or expanding an indigenous arms industry derived
from one or more of the factors described above relating to
national security and independence. Nonetheless, economic
factors have emerged in some LDCs as important elements ii,
decisions to "make or buy" weapons systems. These factors
included the need to counter an unfavorable trade balance,stimulation of industrial growth, reduction of massive un-employment, slowing of the "brain drain," etc.
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Balance of Payments

The extent to which these deficits in their bal-
ances receive emphasis in motivating the development of
indigenous arms production varies greatly with each LDC.
For example, while many of the LDCs studied export some
portion of the arms produced locally and overall LDC ex-
ports of arms are increasiqg, in most cases they have not
contributed significantly to reducing the balance of pay-
ments. For Brazil, arms exports have come to be a deter-
mining factor in arms production even though the needs of
its own forces remain an important consideration. This
derives from the impact on the Brazilian trade balance
caused by increased energy costs but also from the success
enjoyed by Brazil in marketing conventional arms such as
their wheeleO armored vehicles to oil producing states
(Iraq, Liby,. In 1974, Brazil had no arms exports, yet
by 1976 it 'overed one-half of the cost of its arms imports
($82 millionk in exports versus $161 million imported).

Exports have also assumed considerable importance
to the Yugoslav arms industry. The motivation for exporting
large portions of its current production of ground forces
materiel to other LDCs may largely relate to Yugoslavia's
role in the Non-Aligned Movement, but at the same time this
practice has contributed to the country's trade balance. In
1976, Yugoslav arms imports amounted to $82 million yet
exports equaled $98 million. In 1978, arms deliveries
totaled $59 million, but exports reached $130 million.

Israel, on the other hand, which still leads LDCs
in arms exports and conducts extensive arms marketing activ-
ities, has covered only a fraction of its arms imports. In
1978, it earned $470 million from arms sales but it spent
$2.5 billion for defense in foreign exchange. It is un-
likely that this trend will be reversed. In fact, as the
political climate for Israeli exports changes, other LDCs
such as Brazil might take over Israel's lead.

In sum, LDC arms exports will continue to grow and
will consist primarily of low to intermediate technology
items. However, their principal customers will be other
LDCs except in the case of OPEC nations. The latter usually
demand and can generally obtain advanced systems which are
obtainable only from the leading industrial nations (Brazi-
lian sales of armored vehicles to Libya and Iraq are an
exception). Nevertheless, there seems little prospect that
LDC arms ixports can reduce overall trade deficits in any
significant way. In fact, it is not uncommon for LDC's to
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embark on weapons systems coproduction projects only toV find that the costs to them in foreign exchange were un-
acceptable. This phenomenon is not, however, restricted
to arms production sectors of a LDC economy.

Growth of the Industrial Infrastructure

While in several LDCs the growth of the arms in-
dustry was seen as an element of the general pattern of
eccnornic growth, in none (with the possible exception of
Egypt) was this a major, motivating factor. In Brazil, the
arms industry is only one element of the National Develop-
ment Plan which guides Brazilian efforts to expand the
overall economy. South Korea had already developed a
thriving economy with extensive international trade connec-
tions when in the early 1970s it began to graft an arms
production capability on existing industrial establishments.
This action was taken, as we pointed out above, in response
to perceived changes in the supplier-recipient relationship
The Taiwanese experience was similar. Egypt, on the other
hand, sought Arab investment in an Egyptian-based arms in-
dustry because its development would lead to the creatiun
of an industrial infrastructure which would provide spin-
of fs to the civilian sector. It isn't clear, however, that
such spinoffs would do more than enhance a few sectors of
a LDC, such as the heavy industries. Concentration of
capital in armament industries might, in fact, inhibit the
growth of other key sectors of a LDC's economy, dependent
upon its overall economic situation.

Redi.ction of Unemployment/Slowing "Brain Drain"

Another reflection of economic concern which has
impacted on decisions to expand indigenous arms production
by some countries relates to their nieed to expand employ-
ment opportunities. For some, such as Egypt, any indus-
trial development, including the manufacture of armaments,
promises to assist in the reduction of chrvnic unemploy-
ment and to create new skills. For others, such aL Brazil
and India (but not confined to them), the devrklopment ofI
an indigenous arms industry is another element in limiting
or even reversing the "brain drain," the flow of skilled
engineers and other technically trained personnel to the
developed countries where their opportunities, both pro-
fessional and financial, are greater than at home. Thus,
those countries capable of producing qualified cadres see
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in the design and production of advanced weapons systems

another factor which acts to retain such cadres despite

the lures of the industrialized world. It is significant

that even Israel continues to experience shortages in

skilled personnel needed in some sectors of its armaments

industry.

I
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SCIENTIFIC, TECHNICAL AND INDUSTRIAL INFRASTRUCTURE REQUIRED
FOR TECHNOLOGY ABSORPTION AND INDIGENOUS ARM4S PRODUCTION

In considering the application of dual-use tech-
nologies to weapons manufacture by the LDCs under study, we
recognized that the facility with which such technologies
can be applied to the manufacture of weapons systems de-
pends on the technical-economic base possessed by individ-
ual LDCs and their ability to absorb the wide range of
technologies found in modern industry. Table 3 illustrates
the kinds of dual-use technologies which would be essential
to more advanced weapons construction. Even less sophisti-
cated weapons, however, including the ground force ordnance
items which constitute -the principal export lines of many
of the LDCs studied, depend on a broad range of dual-use
technologies, particularly those related to metal pro-
cessing. How well LDCs can cope with the many technologies
involved 4,.s a function of the level of development of their
scientific, technical and industrial infrastructure. The
latter is in turn a product of historical forces, the
political framework whereby the economy is directed, the
financial structure, the availability of managerial and
technical skills, and natural resources. As i.ndicated
earlier, the majority of the LDCs studied are governed by
the authoritarian regimes. Israel and India are the exccep-
tions yet even in their case they share the predilection

of the others for centrally directed, planned economies and
government ownership of key industries. Such central direc-
tion may or may not be an efficient mechanism for coping
with the totality of econiomic concerns confronting LDCs,
but it does provide a framework for implementing national
policy with respect to investment in industrial development
and resource allocation to military requirements. For
example, even though India inherited a rather well-developed
infrastructure from the British at independence, during the
period 1950-1970 it invested more than 80 billion rupees
in improving this infrastructure, especially in the power,

4, communication and transportation sectors. Following the
Indo-Pakistani War of 1971, investment in military-related
facilities increased and India built one of the Third

World's most impressive military-industrial complexes.4 On a more sophisticated level, Brazil has en-
couraged the development of its industrial infrastructure
through its successive plans for "National Development"
and the creation of the bureaucratic machinery necessary to
insure their implementation. Brazil's anus industry is butFr one segment of a larger, coordinated, national effort to
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achieve technological independence. This effort, which
relies heavily on technology transfer via coproduction
agreements, has resulted in continually expanding and up-
grading the quality of Brazil's industrial base.

On a smaller scale, but equally impressi-e as an
example of the advantages of centrally directed institu-
tions in the development of an indigenous arms production
capability, is the South Korean experience. Iii this case
the decision was made to exploit appropriate segments ot a
rapidly growing civilian industrial base for the production
of a variety of weapons systems and military material.
Existing civilian industries were selected to produce
defense-related items although an effort was made to limitI arms production to a fixed percentage of total output.
Plans for development of the arms industry, decisions on
research and development, and on levels of investment were
concentrated in a single entity, the Agency for Defense
Development (ADD).

Hunan resources in the form of managerial, scien-
tific and technical skills are vital to the development of
an indigenous arms production capability. There are corre-
laticons between such factors as percentage of GNP spent on
education, literacy rates, size of scientific and terhmical
cadres, numbers of students in scientific education pro-
grams, number of technical publications, etc., and levels
reached by a given country in its progress toward achieving
an in-country arms production capability. As in the case
of industrial development, however, these statistics are
suhject to misinterpretation with regard to some countries.
For example, Pakistan has a literacy rate which falls below
30 percent yet it ranks not unfavorably with some of the
LDCs studied in the a-umber of scientific students (10,000
or more) or the stu of its scientific, engineering and tech-
nical cadres (100,000 or more). At the same time, Pakistan
ranks low in terms of percentage of GNP spent on education
generally. 7gypt also follows this pattern with a literacy
rate of 40 percent while -. aiming a total of over 500,000
scientists and engineers. India offers an even more ex-
treme example with a literacy rate of 29 percent and
approximately 1,175,000 scientists and engineers. These
countries reflect extreme examples of a practice common to
most LDCs whereby selected elites are provided increasingly
higher levels of the scientific-technical training neces-
"sary to an industrialized society as a re-suit of government
policy. This explains in part their ability to sustain ex-
panding arms production despite low literacy rates. On
balance, therefore, there is every indication that the
governments concerned will seek to maintain sufficient
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levels of scientific and technical education to insure that
the needs of the armaments industry art taken into con-
sideration. This does not mean that the available scien-
tific and technical cadres can actually meet the require-
ments of increasingly complex weapons development.
Shortages, particularly of individuals with managerial
experience, face each of the LDCs studied in varying de-
grees and will prove a major factor in inhibiting the
ability of these countries to produce high technology
systems. On the other hand, the number of key individuals
required is not great and in some cases LDC shortcomings in
this area have been made up by utilizing foreign exports
under contract.

Financial resources and the ability of LDCs to
allocate them without political constraints will be impor-
tant in determining the rate of growth of an indigenous
armaments industry and the size of the military forces
generally. All of our LDCs rank high in the Third World
in terms of GNP, even though they are not petroleum pro-
ducers. With a 1977 GNP of $163 billion, Brazil domi.nates
the group, but even North Korea, which has the lowest GNP,
managed a total in excess of $10 billion in 1976. It is,
however, less a question of total wealth than allocation
and in this regard, most of the countries studied have
internal financial institutions which regulate investment
in terms of the national economic policy promulgated by
the central institutions described above. In India this
is the Industrial Development Bank which directs the mar-
keting, investment, research and technical development in
the country. Similar institutions for channeling invest-
ments exist elsewhere in the group of 10 LDCs. As a
result, government policy to develop an independent cap-
ability to produce arms can be implemented through invest-
ument programs which maintain the desired level of growth
even as the GNP fluctuates. In most LDCs this is accom-
plished at the expense of other elements of the society.*

In conclusion, it is evident that progress in
developinag an indigenous arms production capability among
the LDCs studied has been greatest in those countries pos-

VV sessing the broadest range of manufacturing technologies,

S* The statistical information contained in this section
was taken from the United Nations Statistical Yearbook 1977,

( from the World Military Expenditures and Arms Transfers
1967-76, United States Arms Control and Disarmament Agency,
and The National Basic Intelligence Factbook, January 1979.
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the most sophisticated instrumentalities for controlling
and directing investments in defense industries, %n~d the
highest levels of competence in their scientific and tech-
nical personnel. Possession of such an infrastructure does
not, however, automatically imply the development of indig-
enous arms production by any given LDC. Mexico, for
example, possesses an industrial bass which compares favor-
ably with the largest WDCs studied. Its GNP for 1977 was
nearly $75 billion and its crude steel capacity was 9
million metric tons. By contrast, Argentina's GNP for the
same year was $48 billion and its steel capacity was only
2.7 million metric tons. Mexico's petroleum reserves will,
over time, increase its GNP and the funds available for
investment. Yet Mexico has so far not undertaken an indig-
enous arms production to the extent practiced by any of the
LDCs studied. The reasons for this probably stems from a*
lack of serious military threats or domestic disorders. On
the other hand, judging from its overall infrastructure, if
Mexico were for any reason motivated to develop an indig-
enous arms industry, its progress might be rapid indeed.
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PATTERNS OF LDC ARMS DEVELOPMENT A':D PRODUCTION

Aside from a general trend toward independence
from foreign suppliers, there is no single factor which can
account for the decision on the part of LDCs to develop a
capability to produce their own weapons systems (see above).
These decisions normally result from a variety of motiva-
tions and the emphasis given to individual factors may
change over time. Nevertheless, the actual development of
this capability has revealed a reasonably consistent pattern
which resembles in many aspects the manner in which civilian
manufacturing facilities are created. In general, the
stages are:

* Arms acquisition from foreign suppliers;

* Creation of maintenance/overhaul capabilities/
facilities including spare parts manufacturingthrough provision of technical supervision,
data and training by the supplier;

* Assembly and production under license, co-
production, or joint venture agreements
including contracts for "turnkey" plants;

Indigenous design, development and production.

The stages of this pattern do 4t necessarily succeed one
another in smooth progressior im the initial acquisition
of foreign arms to the deve! t of an indigenous cap-
ability to design and proe '. 1rn weapons systems.
There are many stops and s,.- .nd progress is uneven.
More important, it is likely th,. all four stages will
continue to operate simultaneously as a given country
moves toward independence in the achievement of an indig-
enous design and manufacturing capability.

-I

It is evident, however, that total independence
or "absolute self-sufficiency" will not necessarily be
achieved as these stages unfold. Israel, (probably the
most advanced technologically of the LDCs studied) is
often cited as an example of this phenomenon. It is sug-
gested that, if even an advanced LDC such as Israel must
continue to rely on some imported components for their
indigenously produced systems, there may be limitations to
this pattern which will also affect other LDCs in their
efforts to achieve independence in arms production.

For reasons covered in our introduction, we feel
the Israeli model should be applied to other LDCs with
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reservations. Understandably, however, changing threat
assessments, production or design problems in the indigenous
product and rapidly evolving modifications of existing sys-
tems or development of more advanced systems, will all serve
to maintain high levels of foreign systems acquisition and
continue the utilization of foreign components. At present,
it is the inability of most LDCs to meet the technical re-
quirements of the production process at reasonable cost and
in an acceptable time frame which is the principal problem.
For some LDCs this limitation will always exist particu-
larly with regard to high technology systems. Others,
despite their growing competence, may elect to continue
to import components or purchase systems outright. In
today's highly competitive ains market this may be the most
cost-effective approach and need not impair the LDC's free-
dom of action if the suppliers are diversified. Put dif-
ferently, the percentage of forcign components in a domes-
tically produced weapons system aay not be the best .
criterion in deciding the degree to which an LDC faces
constraints in its independence of action with Legard to
the production, employment or export of the system. In
today's world, a weapons system or, fou that matter, any
industrial product which contains no foreign made compo-
nents is becoming increasingly rare.

Thus, in examining these patterns, we will con-
sider each of the stages separately, recognizing that this
is a somewhat artificial treatment.

ARMS IMPORTS FROM FOREIGN SUPPLIERS

All of the LDCs studied had passed through this
first phase of arms acquisition whereby virtually all of
the weapons or munitions used by their forces were im-
ported from foreign sources. Each now has at least some
capability to produce a variety of arms and munitions
locally. Nevertheless, they all continue to make purchases
abroad of those weapons they believe they require, whether
for routine force modernization or to meet specific needs
related to their internal security or external threats.
Therefore, as a result of their acquisitions abroad, the
armed forces of these countries have become familiar with
a wide variety of modern weapoiLi systems. It is in fact
this variety which accounts for the greatest shift in this
first stage of arms development patterns. Whereas several
years ago LDCs were generally limited to the two super-
powers (whose clients they often, were), the choices today
are much greater. West European manufacturers lead in
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competing with the U.S. and the USSR. Between 1974 and 1977
the British, French and West Germans concluded arms sales
in excess of $16 billion, which nearly equalled Soviet sales
for the same period. Add such countries as Italy, the
Netherlands and Sweden to the West European list and the
options available to the LDCs to purchase high technology
weapons systems and advanced military/naval electronics are
considerable. At some point, Japan may be added to these
options. Capable of producing high technology systems and
components o2 various kinds (its Type 74 Main Battle Tank
carries a Nippon Electric laser range finder and a Mitsubi-
shi Electronic ballistic computer), Japan has generally
restricted its arms production to the needs of its own
defense forces. Were it to change this policy, Japan could
become a major source of increasingly sohistf.cat.,4 arms.
The net result of this proliferation of ar= acquis:.tion
possibilities has been to increase significantly LDCs'
freedom of action anO to make it less likely that either of
thA two superpowers can impose effective restraints on arms
transfers. Also, for many reasons (access to higher qual-
ity weapons, stockpiling of war-reserve munitions, etc.),
the purchase of arms abroad by many LDC's should continue
as long as there is no interruption in the availability of
the weapons they seek.

CREATION OF MAINTENANCE/OVERHAUL CAPABILITIES/FACILITIES

Each of the countries studied has for some time
had extensive maintenance and servicing capabilities for the
weapons systems it possesses. Development of a local
maintenance/overhaul capability often begins through on-
the-job training of indigenous personnel either locally by
military missions from the supplier nation, or by sending
personnel to the supplier nation for specific courses.
These programs will normally be supplemented by the pro-
vision of technical data such as maintenance manuals, and
at some stage, the indigenous manufacture of spare parts
under license for resupply purposes. Thus, the ability to
maintain, as well as operate, weapons systems of foreign
origin, provides the LDC with its first layer of technical
competence.

Technologically, this layer is constantly expand-
ing as LDCs acquire more sophisticated systems on which
maintenance must be performed. As their confidence and
competence grow, LDC maintenance cadres experiment with
modifications, substitution of indigenously made parts,
etc. This experience will also lead to the application
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of modular technology (discussed in detail on pages
which can sharply upgrade the performance of obsolescent
systems in the inventories of many LDCs. There are many
examples of tAis process. It is being practiced exten-
sively in Egypt as Soviet weapons are modiLied and also
in Yugoslavia whose U.S. tanks are being upgraded.

LICENSED PRODUCTION/COPRODUCTION

This stage in the development of an independent
capability for arms production has been essential for LDCs
wishing to achieve indigenous design and production of
modern weapons systems. It i5 not surprising then that
each of the ten LDCs covered in this study is currently
e-gaged in some form of coproduction, however modest the
program or unsophisticated the product. These arrange-
ments vary considerably in scope and complexity. Gen-
erally speaking, agreements between LDCs and supplier
nations provide for:

0 Outright purchase by the LDC of a given
number of systems "ready to roll";

* Final assembly and testing of systems,
components of which are provided by
suppliers;

* Creation of a production factlity,
possibly as a "turnkey" operation;
and,

* Manufacture of systems in LDC facilities
with percentage of locally built com-
ponents gradually increasing over time
per the licensing agreement.

Inmost cases, licensing agreements will impose
a variety of constraints on, LDCs. Suppliers may, for
example, insist on continuing to supply some components,
particularly those with high technology content. It is
often assumed, and correctly in many cases, that it is the
inferior technological level of Ehe LDC which inhibits
local manufacture of certain components. This is not
always true. Suppliers can insist on continuing to provide
some components either because they widh to protect the
technology involved or because there are important cost
benefits. In addition, suppliers may impose constrdints
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on LDC freedom to export the product or components thereof.
Such restrictions normally relate to commercial considera-
tions but can be imposed for policy reasons.

These negative factors notwithstanding, the number
of coproduction agreements involving LDCs appear to be on
the increase. For LDCs these agreements offer unique oppor-
tunities for technology transfer and thus they will pursue
them even though they resent the constraints imposed and are
aware that coproduction is normally more costly than out-
right purchase. For example, the Piper aircraft made in
Brazil under license cost 27 percent more than the same
model manufactured in the U.S. In the case of Israel, their
interest in producing the U.S. F-16 and F-18A reflects a
desire to ac~uire the advanced technology and to sustain
their aircraft industry. They probably recognize that it
is likely to cost more per copy.*

',As competition for sales increases among supplier
nations, a tendency may develop for some of the restrictions
described above to be lifted or modified. Much will depend
on the aophistication of the LDCs as concerns their nego-
tiating skills aid their understanding of the technologies
involved. For example, Brazil drives a hard bargain fn
that it insists on coproduction agreements which provide
Zor specific increases in the percentage of locally pro-
duced components, permit no restrictions on export and
insure that Brazil owns the technology upon expiration of
"the agreement. Brazilian practices reflect the approach
to coproduction taken throughout their economy. India, on
the other hand, appears to have been less successful, both
in the kinds of agreements it has worked out with suppliers
(export constraints have been rigidly enforced by the
Soviets) and in their ability to absorb the technology
"involved. In the case of the MIG-21, it is claimed that
at least 40 percent and perhaps as much as 50 percent of
the components are still imported, i5 years after the onset
of production. it is not clear, however, that this is
wholly a reflection on Indian competence particularly in
light of these factors;

* LDCs are not alone in their acceptance of the higher
costs involved in coproduction agreements. In defending
their participation in the F-16 program, officials of the
Norwegian and Dutch Governments cited social and tech--
nological benefits as justifying coproduction rather than
outright purchase from the U.S. at lower cost.
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* India has production rights to the Soviet
Tumansky R25-300 jet engine with the po3-
sibility that it may serve as the power
plant for a new HARUT fighter;

0 India claims that it produces 96 percent
of its VIJAYANTA Main Battle Tank;

* India is considering licensed production
of the Soviet T-72 whereas Yugoslavia is not
considered capable of doing the same with-
out "massive" Soviet assistance;

a India will manufacture the JAGUAR, a high
technology aircraft which, in the words
of its Anglo-French designers, "is ideally
suited to indigenous manufacture in India,
offering great benefits in technology
transfer."

The South Koreans, on the other hand, with con-
siderably less experience in coproduction ventures were
not satisfied with the product of the agreement entered
into with FIAT to produce an armored personnel carrier
and are now considering producing one of their own design.

"INDIGENOUS" DESIGN AND PRODUCTION

In theory, this final stage of the pattern should
reflect an independent capability on the part of LDCs to
design and produce without foreign assistance the whole
range of weapons systems n-eded for their armed forces and
to enable them to compete tor exports in world markets. In
practice, no LDC has achieved this stage for the totality
of its weapons requirements. Most of these studied are,
howevar, capable of designing and producing less advanced
categories of weapons for their own use and for export
(ground forces systems, subsonic aircraft, small patrol
craft, etc.). They do less well in their attempts to
develop more advanced systems (high performance aircraft,
long range or complex missiles, main battle tanks, etc.).
Those advanced systems which are pursued independently by
some LDCs will nonetheless involve considerable foreign
assistance in both design and production. It is therefore
difficult to draw a sharp dividing line between licensed
coproduction and "indigenous" production. Foreign de-
signers may be retained by LDCs to participate in the
design process of an "indigenous' system, or the design
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of such systems may simply be modifications or copies of
foreign systems. When such "indigenous" designs reach
production stage, they, like systems built under copro-
duction agreements, will contain varying percentages of
imported components. Examples of this are numerous.
Argentina's TAM tank is of West German origin and its
"OUCARA" counter-insurgency aircraft is powered by the
French turboprop engine "Astazou." The 90 mm cannon for
Brazil's highly successful, "indigenous" armored vehicle,
the "Cascavel," is built in Brazil but as a Brazilian-
Belgiam join': venture. The Indians claim their main
battle tank "VIJAYANTA" now contains a high percentage
(96 percent) of Indian-made components. It is often
referred to as an example of indigenous production but
in fact the tank was originally a Vickers product and
built in India under license. Finally, the Yugoslav-
Romanian tactical fighter "ORAO," which was designed
and will be produced "indigenously" will contain Rolls
Royce engines and a variety of foreign avionics.

The examples cited reveal that the line between
coproduction and truly indigenous production is blurred.
They also demonstrate that foreign influences, if not
participation in design anC production, are significant in
all LDCs studied. The issue*, however, is not the degree
of foreign involvement. This will persist in LDCs as it
has in the majority of developnd countries, none of which
design, develop or produce high technology weapons systems
without some degree of foreign influence, assistance or
involvement. This practice is nowhere better illustrated
than in the experience of France in developing its "inde-
pendent" strategic systems. What is important is to decide
how such foreign participation should be evaluated in con-
sidering these factors.

0 How much independence or freedom of action
is enjoyed by LDCs in employing or marketing
the systems they have produced? Put another
way, in today's competitive arms market, how
reasonable is it to assume that the foreign
policy interests of individual suppliers can
dictate the manner in which LDCs employ the
weapons they produce?

* To what degree does the presence of imported

components in locally produced weapons sys-
tems reflect: (a) the most cost-effective
(or least-resistance) approach to the

30

'L?



ACSWC122

problem, or (b) the inability of the LDC
concerned under any circumstances to
fabricate a comparable component? Or,
could the LDC, faced with an overriding
need for the component, and prepared to
make a priority commitment of resources,
produce locally a version of the component
which would permit the overall system to
function at the level of effectiveness
demanded by existing circumstances?
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CURRENT AND FUTURE ROLES OF DUAL-USE TECHNOLOGY
IN LDC ARMS PRODUCTION

BACKGROUND

In examing the relationship between those tech-
nologies which are categorized as dual-use and the pro-
duction of weapons by LDCs, attention was directed at the
broad range of such technologies normally present in the
industrial infrastructures to which all LDCs aspire. Under-
standably, some emphasis was placed on examining those
advanced technologies which would be a prerequisite to the
production of high technology weapons systems, if such were
to be attempted by a LDC. One should not, however, lose
sight of the fact that most of the technologies used in
modern manufacturing processes are adaptable to some phase
oflarms production. Conversely, almost all military tech-
nologies, from the manufacturing of gun tubes to the cast-
ing of tank turrets, can be disaggregated into dual-use
technologies. Thus, those LDCs with the most developed
civilian manufacturing capabilities will, in the normal
course of events, likely possess many of the technologies
necessary to the production of a variety of military items.
For example, transportation requirements may stimulate some
LDCs to develop the capability to manufacture engines for
heavy duty trucks. This capability implies development of
foundry techniques, machine tools, heat treating and weld-
ing; the level of electrical manufacturing needed for
starters, generators, batteries; hydraulics required for
transmissions, suspensions, etc. All of these and more
are prerequisites to the development of the technology
base required to design and manufacture armored vehicles.
Analogously, in another sector, LDC communications needs
are generally met by radio systems which, if manufactured
by the LDC, can stimulate the gradual development of an
electronics manufacturing capability.

Development of the various sectors of the indus-
trial infrastructure has been uneven, however, from LDC
to LDC. The degree of development can, of course, influ-
ence the type and complexity of the weapons systems pro-
duced by individual LDCs. For example, Egypt has a
relatively well-developed, metal-working industry which
is capable of rebuilding and even producing ordnance and
armored vehicles. However, it has a minimal capability in
the electronics industry. By contrast, South Korea and
Taiwan, as a result of investments by U.S. multinational
corporations, are developing an impressive capability for
semi-conductor fabrication and the manufacture of a
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variety of civilian products embodying integrated cir-
cuitry. Significantly?,'Integrated circuits constitute
an example of civilian technology leading the military
application. However, in spite of their activity in the
semi-conductor field, there does not yet appear to be
indications that either South Korea or Taiwan have de-
veloped a capability to produce military electronics
which would embody integrated circuits. The fact that the
civil sector leads the military in this instance reflects
an increasingly common phenomenon among LDCs as the latter
press their demands for technology transfer.

How well LDCs can absorb these manufacturingtechnologies and apply them to military systems depends,
of course, on their reserves of trained manpower and the
related managerial, scientific and technical skills. The
evenness of industrial development and the rate of tech-
nology transfer will also be a function of the central
planning, economic and financial control mechanisms de-
scribed above in the section on LDCs' infrastructure.
Assuming the existence of an adequate infrastructure, and
the will and resources on the part of LDCs to acquire
civilian technologies, the latter are readily available
from developed countries (and also from several of the
more advanced LDCs). Civilian technology acquisition
takes many of the same forms described above for military
technology, i.e., licensed assembly, joint ventures, co-
production, "turnkey plants," etc. Controls on the
export of civilian technologies to LDCs by the developed
countries vary. The United States, under its export con-
trol regulations requires validated export licenses on
many of the DUTs of interest, but these are routinely
approved in the majority of cases affecting LDCs even
when the item is on the Coordinating Committee (COCOM)
List. Other Western industrial nations are more flexible
in their administration of export procedures and are guided
more by purely commercial considerations in their deci-
sions on the release of civilian technologies to LDCs.

idsra n as the sophistication and complexity of the
industrial infrastructures of individual LDCs progressed,
and their ability to absorb and apply advanced technologies
to the manufacture of civilian products improved, this did
not imply the automatic application of these technologies
to the production of advanced weapons. In many cases,
traditional military assistance programs or other methods
for acquiring weapons systems made it unnecessary, as well
as unprofitable, for LDCs to base their arms acquisition
and production programs on the conversion of civilian tech-
nologies to military applications, i.e., to exploit their
"dual" utility.
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Concerns for the "dual-use" aspects of technology
have, of course, long existed with respect to exports to
Communist countries. Because there is an embargo on the
transfer of military technology to these countries, the need
was felt, and expressed in thie COCOM arrangements, to deny
to Communist countries those civilian technologies which
could enhance their military potential. Applications of the
COCOM arrangements is not easy, involving as it does the bal-
ancing of commercial versus national security interests by
the participating nations. In the United States there has
been considerable public debate on this issue. The possi-
bility of the USSR benefiting militarily fiom technology
transferred to it by the United States has been raised with
regard to the Kama River truck plant, the sale of grinders
for precision, miniature ball-bearings, computer systems for
any purpose and the transfer of product design and manufac-
turing technology for oil drilling tools.

i Similar concerns are now emerging, primarily in
the United States, with regard to LDCs' potential for ex-
ploiting dual-use technologies for military purposes. Such
concerns arose initially with regard to nuclear prolifera-
tion as it became evident that technologies related to the
peaceful uses of nuclear energy could be applied to develop-&
ment of a nuclear weapons capability. The manner in which
Pakistan, spurred on by India's testing of a nuclear device
in 1974, apparently proceeded to create its own "Islamic
Bomb" contains most of the ingredients of a classical case
of technology acquisition, both on the overt level (the
French reprocessing plant) and the covert (operation of
Pakistani purchasing missions in Western Europe).

Until the relatively recent past, this appli-
cability of civilian technologies to non-nuclear weapons
systems had not evoked the same concerns. By 1978-79,
however, a combination of circumstancas emerged which
changed this view, at least in the hnited States. They
were:

Intensification-of the growing trends
toward independence in arms acquisition
by LDCs as a result of U.S. policies
favoring restraint in arms sales to
the Third World and denying arms to
LDCs considered in violation of human
rights. Since such policies of re-
straint have not necessarily been 4
applied to the sale of DUTs and their
associated products, DUT acquisition
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appears to present a viable alter-
native to counter such policies;*

* Recognition of the possibility that a
growing number of LDCs were develop-
ing industrial infrastructures and
arms production capabilities which
could result In the development of
weapons systems having a destabilizing
effect in their regions. In this
regard, the greatest concern was felt
for nuclear delivery systems, but in
the absence of nuclear weapons, a number
of other advanced air, ground and naval
systems could also threaten regional
balances.

It is evident, then, that there is a progression
in'the application of dual-use technology to military sys-
tems, from the simple to the more complex and capable.
Unfortunately, there is no clear pattern to this pro-
gression which can be tracked with confidence. There are,
however, certain paths we believe the more advanced LDCs
will follow as they work to improve their weapons inven-
tories in the future. These will be examined below, with
special attention to the role dual-use technologies will
play in their development.

DUAL-USE TECHNOLOGIES IN FUTURE LDC ARMS PRODUCTION

Because the spread of technology is a worldwide
phenomenon, widely regarded as economically and socially
beneficial, LDCs, with few exceptions, are acquiring tech-
nology at increasing rates and will continue to do so in
the future. We have noted heretofore that the LDCs in this
study are distinctly heterogeneous in their economic de-
velopment, level of sophistication in science and technology,
capability of their industrial infrastruture to absorb
technologies transferred from industria: nations and in
their policies and perceptions regarding preferred military
forces. In these circumstances the rates of technology
application and military production will vary even though
the general learning experience in acquiring new

* See Volume III of this series for a case study which
provides a seemingly related example, A Study of the
Exploitation of Dual-Use Technologies: South Korea
(Confidential).
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technologies has been somewhat similar for all LDCs (weapon
system purchase, overhaul and servicing, parts manufacture,
and licensed production to the ultimate indigenous manu-
facture of the complete weapon system). We would expect
the same in the future. Exploitation of dual-use technol-
ogy in this process is ubiquitous, even benign. The dual-
use technologies involve an array of technical areas that
encompasses mechanical, electronic, material, chemical and
other technology applications in both civil and military
product areas. Throughout the world, the transfer and dif-
fusion of such technologies is natural and widespread and
it is difficult to isolate specific instances of exploita-
tion in terms of specific weapons uses. It appears, how-
ever, that LDCs are likely to select one or more of the
following among alternative approaches for achieving im-
provements in their weapons inventories:

0 Upgrading of existing weapons.

* Producing weapons embodying p-,.oven
technologies.

0 Producing advanced weapons.

Each of these alternatives implies a certain level of Indus-
trial sophistication and know-how in the various weapons
technologies. Each alternative is likewise implicitly com-
character of the arms manufacturing that an LDC may under-

take Morover itis also possible for certain LDCs to
bepursuing more than one of these paths simultaneously as
thyexpand their technoloigical base.

The potential of dual-use technologies-to the
extent that civil and military applications are func-
tionally similar-to be adapted and applied in this pro-
cess is a vital factor affecting not only the quality and
hence the military significance of the weapons thus pro-
duced but the rate at which those weapons may appear and
thus advance the military power of the LDC producing them.
Some dual-use technologies in functionally similar civil
and military applications are indicated in Table 4. In
most instances the similarities between civil and military
applications vastly outweigh the differences in terms of

the technology and industrial arts that may be involved.
For example, gas turbin'-, engines designed for civil trans-
port aircraft sucN~ as the GE-CF-34 'are physically identical
to the engines us~ed to power the Fairchild A-J.0 and Lockheed
S3A except for certain control features and the exterior
envelope, Similarly, the British Rolls Royce SPEY in its
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TABLE 4. SOE DUAL-USE TECNOL ES

IN FUNCTONALTSIMLAR CIVIL & MILITARY APPLICATIONS

Technology Civil Civil Military Military
SArewI Amplications Tachnoloqies Technologtes Applications

Materials', Directed Energy Windows/Mirrors Windows/hirrors H. E. Lasers
uses

Jet Engines Turbine Blades Turbine Blades Jet Engines

Mechanics Alrcraft gyros Gyros & Inertial
Navigation Acml eromters Accelerometers Navigation

Light, strong Composite, Matis Composite Mat'ls Light, strong,
structures structures

Eiectroni c;' Air Traffic Radar Radar obl/Nav.
Control Avionics

Computers Integrated Integrated Computers
Circuits Circuits

Energy Remote Energy Batteries Batteries Remote Energy
Sources Sources

Hitgh Energy Particle DBems Particle eam Aerospace
Physics Weapons

Software* Computer Software Design Software Design Computer
Programing Progralsing

Chemical MOS/LSI Vapor Deposition Vapor Deposition MOS/LSI
Processes* Tires High strength High strength Tires

Polymers Polymers

Geodesy Navigation satellite Satellite gavigation
Positioning Positioning

Sapping Photogrmo try Photogrametry Mapping

Oceanography Ocean Survey Acoustic arrays Acoustic arrays ASW
Ocean Radar Signal Radar Signal Anti-ship

Surveillance Processing Processing Missiles

Atmosphere/ Atmosphere Rocket Missile S-S Missiles
Space Probes Design/Mfr Oesign/Mfr

C)SAT Space Launch Space Launch MILSAT

* Technology arios where currently available civil technology tends to lead
military techcology In certain aspects of the applications cited.
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civil version (RB-163) is used in a variety of transport
aircraft such as BAC-1!rI, TRIDENT DH-121, Grumman Gulf-
stream II and the Fokker F-20. More recently Romania,
which has engaged in aircraft coproduction with Yugoslavia,
has been licensed to build the SPEY to power the BAC-Ills
it is also constructing under license. This civil versiou
served as the forerunner of the military RB-168 3ngine. The
latter is used in the British versions of the F-4 and is now
going into production in the PRC. Fabrication and assembly
of the "hot section" turbine rotors and blades is the com-
mon but critical technology here whether civil or military
engines are to be produced. In another area, successful
manufacture of integrated circuits depends on the tech-
niques of mask fabrication and vapor deposition and quality
control inspection whether the applications are in civil
communications or military computers.

Technology areas where civil applications are
kn6wn to lead the functionally similar military applications
are indicated by an asterisk in Table 4. This does not
necessarily mean that the civil technology offers an ,ime-
diate military advantage but it does indicate specific
areas where such advantages are likely to occur. The tech-
nological character of the LDCs industcial capabilities
obviously must be weighed rather carefully in assessing
the real value of ready access to such dual-use technolo-
gies in terms of the LDCs' capabilities to absorb, manage
and deploy those technologies in a military sense.

Upgrading of Existing Weapons

The simplest, most achievable and often the most
economical approach for LDCs to use available technologies
to best advantage is to enhance the performance of weapons
systems already in their possession. Often these systems
could be considered obsolescent by superpower standards,
however, the upgrading is readily possible through direct
purchase or licensed production. The fact that upgrading
constitutes an important aspect of the arms trade conducted
between LDCs and numerous West European suppliers suggests
that LDCs' perceptions of "obsolescence" may differ. For
example, a great deal of the upgrading of arms by the LDCs
studied involves the U.S. M-48 and the Soviet T-55 tanks,
the designs of which have their origins in the immediate
post-World War II period. By this process, LDCs are able
to achieve expansions of their inventories in weapons sys-
tems which meet their defense needs regionally and also to
dispose of their surplus arms io even less developed
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countries. IA the case of the latter, the upgrading fea-
ture adds to their saleability. Subsystems or components
such as fire control for air defense or homing devices for
air-to-ground weapons for example, may be purchased directly
from outside suppliers and incorporated into existing wea-
pons. In many cases, this upgrading will be accomplished
by utilizing modular augmentation techniques (discussed
below in greater depth). If the industrial infrastructure
can absorb the now technology upon which these enhancement
subsystems or components are based, the LDCs may choose
to produce such items themselves through licensing and
eventually-having absorbed the technology-through indig-
e•nous manufacture or even redesign to accommodate local
conditions. To date, only Israel has demonstrated this
capability in any depth, but India's electronic industry
is developing in this direction.

Some applications of dual-use technologies to
!t up4'rade existing weapeiis are shown in Table 5. The tech-

nologies underlying the subsystems or components.-although
they have civil uses-are in these applications reasonably
well identified with the weapons components which are
traded and/or licensed as such. Hence the notion of apply-
ing dual-use technology is not primarily the issue here,
because most upgrading can be accomplished directly through
purchase or licensed production. Of course, those LDCs
which do absorb and apply the technologies to advance their
own product lines are also capable of moving to a more
advanced state of anrms manufacture.

Weapons Production with Proven Technologies

'3Some LDCs choose to produce modern weapon systems
which do not press the state of the art but instead re-
flect the best of the 1950s' and 1960s' technology. Among
"the weapons systems produced by LDCs today which are suf-
ficiently modern to be useful include India's MIG-21
fighter aircraft, or its VIJAYANTA main battle tank,
Taiwan's F-SE, Argentina's IA 58 PUCA2RA, or Brazil's
CASCAVEL armored car. In the case of the French MIRAGE
fighter aircraft, various models .already are being pro-

~ duced by many countries around the world of which some,
such as South Africa, are among the LDCs of inte..est here.
Naval vessels of the 1960s' design vintage are also being
built by LDCs as evidenced by Argentina's construction of
the Type 42 guided missile destroyer.
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Choosing weapons of a moderate capability level
whose design and manufacture are well within the boundaries
of the technologies and industrial arts required to make
them can be a very useful and effective approach to achiev-
ing arms production goals. Such weapon systems are not
overly sophisticated and hence may cause less alarm to one's
neighbors. Such weapons may not be able to perform near the
limits established by big power weapons but they can be
economical to acquire and to 'maintain and they represent a
low technical risk in the commitment of investment funds.
Effectiveness against neighboring threats is relative and,
for moot LDCs, moderate capabilities may be more than ade-
quate except in particular areas where certain superpower
interest may have provided unusually advanced weapons cap-
abilities. By and large the dual-use technologies that
enter into the. manufacture of modern weapons at the 10-20
year old state of the art are (with few exceptions) already

.widely available in the industrial world. The basic pro-
cesses such as casting, forging, pressing, welding,
machining, assembly, etc., and most of the special arts
involved in the application of these and other technologies
to modern weapons manufacture are already familiar and
readily absorbed. In fact, the LDCs availing themselvos
of these dual-use techmologies will have the saw advan-
tages that newcomers to a developed field of endeavor
always have, i.e., they will benefit from mistakes of
others and learn the shortcuts and'preferred operations
rules immediately instead of the hard way. Application
of less advanced technology can, in fact, prove to be an
important contribution to the evolutionary improvement of
the industrial infrastructure. Most LDCs with the possible
exception of Israel, India or South Africa would probably
prefe, to avoid the riks and uitcertainties of attempting
"Othreshol, state-of-the-art" arms manufacture.

With few exceptions dual-use techzmolooies areK widely availabln for the manufactueing pqxceaaes involved
in tho manufacture of weapons xyutents with provin tech-
nclogies, The LDCs examiined in th-as study ara without

y•ii exception ready to abzurb sa'ma or all of the weapon systems
Lechnologies required for this level of maruufacture. .In
a~host eve,.-y country the te'hnologies aqir3d cdn be
assimilated through l.icensing or, for the most advanced
LDCs, through indigenous .-eprodactioii. The ar-Asa thus pro-
dnced may in fact hLve a bigger market than more sophisti-
cated, more expensive, more "difficult to =Wake producte,
particularly in other LDCs. Prime exampls of the axport
potential of moderately advaiiced weapons systems are
Brazil's BANDE ATT aircraft, which, suitably modifie!d,
can serve in a number of military roles. B:cazil. has also
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become an exporter of armored cars like the CASCAVEL which
is popular in the Middle East and North Africa and appeals
especially to states which combine military and police inter-
nal security operations.

Weapons embodying proven technologies can also be
augmented by the same type of upgrading via the modular
techniques used for improving the effectiveness of ixisting
weapons. An LDC that chooses to achieve its arms goals
through the production of modern but not advanced weapons
systems, modified with selected subsystems and components
representing new technologies (e.g., materials, electrcnics,
computers, propulsion, guidance and navigation), may be very
close to an optimum weapons policy. Details of that policy
of course depend on the regional situations and j?olitical
and economic factors previously discussed.

Ad~anced Weapons Production

A few of the LDCs may choose to achieve 1970-
1980's state-of-the-art performance via indigenous pro-
duction of truly advanced weapons systems. Typical aircraft
and missile systems that are candidates for LDC advanced
weapon systems production are the following:

* Aircraft

- proposed Israeli (ARYEK) new generation
fighter

- F-16, F-18 (USA)
- Panavia's TORNADO (European)
- Anglo-French (JAGUAR)

* Missiles

- SAM: PATRIOT (USA)
- Shipborne SSM: GABRIEL MARK 3 (Israel)
- Battlefield support: PERSHING II (USA)

PLUTON (and its derivatives) France

For their manufacture, weapons systems of this kind would
require the existence of a broad range of technological and
induetrial facilities available to the LDC plus know-how
acquired over many years. Among the new weapons develop-
nLeiits of the 1970's, some significant advanced technolo-
gies have emerged as illustrated in Table 6. Some, like
the transducer techniques, span decades of development and
broad participation while others like the microprocessor
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arts are new and much less widely shared. Most but not
necessarily all of the technologies in Table 6 could be
dual-use technologies,...that is both civil and military
applications could exist. However, advanced technologies
at the threshold state of the art typically are repre-
sented by unique devices and practices-either civil or
military-that limit their accessibility by LDCs. For
example, the composition and thermal treatment of com--
posite materials during their manufacture, the unique core
materials used in vacuum casting, and the software for LSI
design and manufacture constitute unique elements in their
respective industrial practices. If even one of these is
lacking the weapon system requiring that component could
not be built unless a substitute was found. Furthermore,
experience shows that systems integration of advanced
weapons involving threshold state-of-the-art components is
in itself a critical technology by virtue of the complex
design/redesign problems, substitution, alteznatives,
moaifications and compromises that normally accompany such
advanced weapon systems manufacture.

Among the more critical of the dual-use tech-
nologies implied to the weapons systems examples above
are the following:I Large Scale Integrated Circuit Fabrication

• Computers and Software

* Turbine Engine Manufacture
(hot section)

* Microwave Solid-State Devices

* Composite Materials

* Numerically Controllea Machine
Tools

* Advanced Joining Techniqu6s.

Only a few of the LDCs studied would cons iter indigenous
manufacture of these advanced systems. Except for Israel,
and to a lesser extent India and South Africa, none of them
presently have the capability to al-sorb and exploit effec-'
tively the combination of dual-use technologies which are
essential to construction of these systems. It is not,
however, the availability of such technologies which alone
imposes constraints on the production of advanced systems.
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As indicated, each of them, in one form or another, is
available in the industrialized world. For example, one
of the most complex technologies, ceramic turbine manu-
facture, is niw available on a commercial basis as a
result of the affiliation of the Howmet Turbine Components
Corporation with the European Pechiney-Ugine-Kuhlmanxi Group.
Rather, it is the degree to which individual LDCs reach
the higher technological levels whereby they can absorb
such technologies and apply them to the complex problems
of systems construction and integration posed by these
advanced systems. On the other hand, over time, most of
the LDCs are expected to attain some appropriate level and
will have acquired and begun to utilize the technologies in
question, as in the case of South Korea which has a rapidly
developing integrated circuits industry supporting its
requirement for microelectronics.

MODULARITY AS A TECHNIQUE OF UPGRADING

In our examination of the development of LDC arms
production, we noted the importance of upgrading weapons
systems present in the inventories of LDCs and the extent
to which modularity played a role in such upgrading. In
fact, the concept of modularity has been widely used in up-
grading the adaptability, flexibility and responsiveness of
weapons systems to meet the uncertainties of modern war-
fare. By using modular or "building block" techniques it
is possible to substitute or add on components which im-
prove performance and to employ in this process technolo-
gies which fall short of state of the art yet still deliver
a level of upgrading which can markedly alter the potential
effectiveness of the system. Modular upgrading in practice
can occur in several different modes that encompass vary-
ing degrees of component substitution, component add-on
and component capability extension in order to achieve the
desired performance increment. Interchangability of weapons
complements which involves the practice of using a land,
sea or air vehicle as a del,ývery platform for a variety of
ever improving weapons is a familiar example of the up-
grading technique. At- the same time, modularity in
upgrading extends to interchanging other components of the
system such as power plants, comniunications units, fire
control and electronic warfare elements.

upgrading can now accomplish more sophisticated
purposes than in previous decades. Table 7 presents, in
a general way, the particular advantages which might be
achieved by utilizing 1970's technologies in the upgrading
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process as compared with those of the 1950's-1969's.
Clearly, an LDC with a capability to absorb the current
state of the art could gain significantly if this capability
were applied to its modular upgrading programs. Neverthe-
less, it is evident from Table 7 that even the "vintage"
tuchnologies of ear'ier periods can have impressive re-
sults when incorporated in systems upgrading. This is
most notable when an obviously obsolete or obsolescent
weapons system is sharply upgraded in terms of ordnance,
fire control, power plant, etc.

Because upgrading permits a nation to prolong
the life of a variety of weapons systems already in its
possession, it offers an attractive, cost-effective
approach to improving overall force effectiveness. These
techniques are not restricted to LDCs, however, as budget
constraints force many of the advanced industrial nations
to upgrade rather than procure new, advanced systems
(the U.S. B-52 strategic bomber is a prime example). The
practice has been even more extensive in Western Europe and
it is among the West European arms suppliers that LDCs
have found their best sources for upgrade modules for air,
land and sea systems. To our knowledge, no breakdown
exists of arms sales figures which would indicate how
much of the total is for new systems and how much for
retzofit or upgrade components. It is our impression,
ti~owever, that the latter occupies a significant place in
armns transactions for many West European countries. At
the same time, among the LDCs studied, Israel has de-
veloped a substantial number of products across a rela-
tively wide spectrum of mature technologies which can
upgrade existing systems as has India. Others such as
Brazil and Yugoslavia have produced some examples, pri-
marily in cooperation with industrialized countries.

Air Systems

The permutations of upgrading to improve the
combat effectiveness of weapons systems are infinite.
Some idea of the possibilities inherent in these tech-
niques can b3 obtained from the discussion below of their
application to air, land and sea platforms and systems.
Modularity appears in its most ubiquitous form in the
optiwnal payloads of the tactical aircraft found in LDC
forces. Here bombs, rockets, guided missiles, electronic
warfare or reconnaissance modules, fuel stores or other
interchangable internal or external payloads completely
alter the mission capabilities of the aircraft platforms.

4
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Modularity reaches its highest level of sophistication
in electronic systems wherein third or fourth genera-
tion digital computers manage several functions. The
French Thomson-CSF VE-Il0 "head-up" display provides
navigation for all-weather interception, air-to-air mis-
sile and gunfire ranging and control as well as air-to-
ground attacks using either conventional weapons or guided
missiles. It is used to upgrade various cumbat aircraft,
many of which, such as the MIRAGE III, are used by LDCs.
Improvements occur frequently in air-to-air or air-to-
ground missiles which incorporate terminal homing tech-
niques (these are at least fifteen years old) to boost
the target kill capability of older aircraft by as much
as tenfold. An example of this technique is found in the
development in the mid-70s by Great Britain's Marconi
Space and Defense Systems of a 5-inch, micro-miniaturized
missile guidance head fitted with a mini-computer using
state-of-the-art LSI technology. It can be used to up-
grade a number of air-to-air and air-to-surface missiles.
Another example of electronic upgrade which can improve
aircraft survivability in air-to-ground attack is the
electronic warfare jamming pod (ALQ-234) produced by
Italy's Selenia. This pod, which was under consideration
for upgrading Egypt's MIG-21s, as well as the MIRAGE
series, contains a programmable digital processor for
identification of hostile radars, and for other functions.

Land Warfare Systems

Land warfare systems have also received consid-
erable attention in the upgrading process. Because the
main battle tank is an expensive item, it is a primary
candidate for undertaking improvements through application
of modularity. Many LDCs have tanks of the M-47/48 and
T-54/55 vintages in their armored forces and have undertaken
to upgrade them in various ways. The fire power may be
increased by improving the main gun; the Israelis substi-
tuted British 105 mm guns (made in Israel) for the 100 mm
guns on the Soviet T-55s they captured in the 1967 war.
Improvement in the calibre and velocity of guns on exist-
ing armored vehicles is a common practice in many LDCs.
In addition, the fire control systems are upgraded. The
Yugoslav "ISKRA" firm produced laser range finders for the
Soviet T-55s in the Yugoslav forces. The same firm is
believed to be producing the Swedish Ericsson UAL 11201
laser fire control system under license which will be sold
to Egypt for its Soviet tank retrofit program. Tanks can
also be given night vision capabilities as part of the
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* upgrading process. For example, British Rank Ltd. pro-
duces a night/day vision system which incorporates a
laser range finder and is designed for upgrading a variety
of tanks including both the U.S. M-48 and the Soviet T-55.
While much of this equipment continues to be produced in
Western Europe, as the Yugoslav example demonstrates, LDCs
are keenly aware of the advantages that accrue from up-
grading armored vehicles and will begin to produce their
own systems. As usual, the Israelis appear to lead with
the fire control system designed by Elbit Computers Ltd.
for the Israeli MERKAVA tank. It includes a state-of-the-
art microprocessor which performs ballistic computations
for the main gun. An additional approach to tank upgrade
is the substitution of more efficient and powerful en-
gines. In U.S. M-48 tanks, original gasoline engines
have been replaced by diesels.

It is not only armored vehicles that benefit from
modular upgrading but other ordnance as well. For example,
Singapore produces a laser range finding system for field
artillery under license to Avimo Ltd. in the United Kingdom.
India is engaged in a coproduction venture with Contraves
of Switzerland in which Bharat Electronics produces the
fire control radars for the LP-70 AA system produced and
marketed by Contraves.

Finally, it is expected that land warfare cap-
abilities of LDCs will profit from the advantages of the
RPV in battlefield reconnaissance. Several are made for
export by West European countries. Belgium, for example,
markets an export version (ASMODEE) of an RPV originally
designed for NATO use which has an 80 km range, is powered
by a turbojet engine, and is capable of real time TV and
infrared imaging. A key facto:r in development of RPVs is
the availability of reliable, low cost jet engines of the
appropriate size, i.e., between 150 and 500 lbs. thrust.
Israel now claims this capability in the small engines
manufactured by TAT Ltd.

Naval Systems

Ser-based systems employ a high degree of modu-
larity in original design thus making them particularly

-c attractive as candidates for continuous upgrading as weapons
improve. Perhaps the most interesting recent example is
the West German designed frigate MEKO 360H which was under
consideration for licensed construction by Argentina (See
Table 8). This ship has been ordered by other LDCs. A key
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aspect in its favor is the high degree of modularity which
permits a variety of C3 to be added in a significantly
cost-effective manner by lowering the time required fcr
removal or installation. Among the weapons systems the
MEKO version designed for Argentina would mount are the
OTOMAT and EXOCET SSMs and the ASPIDE SAM. It would be
possible of course to substitute other systems such as the
HARPOON, PENGUIN or GABRIAL SSMs. The latter, now in its
third version (Mk-3), produced by the Israelis, remains the
only shipborne SSM available in the West which has been
tested in combat. Even if Argentina does not proceed with
construction of the MEKO system, the modular concepts it
incorporates are still applicable to the vessels produced
by many LDCs ranging from a large variety of fast patrol
and missile boats to larger combatants such as the LEANDER
class frigates being built by the Indians under license.
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CONSIDERATIONS IN CONTROLLING KEY
DUAL-USE TECHNOLOGY PRODUCT•S

As stated several times in earlier sections of
this paper, LDCs can now purchase from an increasingly
larger number of extremely capable-suppliers any number
of complete weapons systems or the modular components with
which such systems can be upgraded. LDC customers can be
expected to continue to purchase whole systems, particularly
of the more sophisticated variety, even though they will
press for licensed production as in the case of the Indians
with the JAGUAR and the Israelis in their approach to acqui-
sition of the F-16. Similarly, in the case of modular sub-
systems, most LDCs would prefer or may find it more
convenient and cost-effective to buy military components
or products with which to carry out retrofit programs.
Even in this case, however, some LDCs have demonstrated the
capability to produce some of the subsystems in question.
In sum, as long as military products can be obtained freely,
without constraints in their use imposed by the seller, and
if the LDC customer has reasonable assurances that delivery
schedules will be adhered to, and spare parts made arailable,
many LDCs will continue to purchase systems and subsystems
abroad. They recognize that if these conditions can be met,
it is less expensive to purchase advanced military systems
abroad than, to invest in the infrastructure needed to pro--
duce them at home.

Despite this, we believe most LDCs will remawn
firm in their determination to achieve the maximum degree
of independence they can in support of whatever military
posture they feel is required for their national security.
This viewpoint was recently expressed by the Israelis in
explanation of the development of their own indigenous arms
industry,* and while it is certainly overstated (in view of

* "Israel's defense and electronics industries were born
out of necessity, the results of a series of embargos such
as the one French General de Gaulle imposed after the 1967
Six Day War. Israel decided it would be virtual suicide to
leave production of vital equipment in non-Israeli hands
and moved full force towards setting up an ultra-sophisti-
cated manufacturing capability, fast gearing itself to
American standards as U.S. material replaced -the French
equipment in Israeli stockpiles." Special. Israel Adver-
tising Section, Aviation Week and Space Technology,
October 8, 1979.1
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their continuing dependence on the United Staiteis) it is
probably a fair 'reflection of the attitudes~ one would still
encounter in the other LDCs under study. Thus, if for what-

eve resonmuth-at conl, controsin r sigifccant ll mos:)
efort oaef csentaiialitaroy prodstes to oll foreigne DSuor
wthe Desnid qusion mitght seeks it ioumv en ethem.y Oinfi
culrach tof doursgn anwoudu new to prouclther-uroed syctical

terchnolgte dincse batetarlier and todo soiqwtthoutc) wthouti
feinassistance. gia ehaeipid.rlcr hr r

almostOnoLs tha th cazi ould sutibesgi osibaie trodupcrade
efort mof eissetial seatons inuysevs hifh alht forig regionrll
dee entiediin. 'ncthe Sut Iwordo itfwoutd in eonert:lon dithi
thlt ti desirnuand piodile nysew stnare (merhaps ol an ext ic
excJample o tain bttl tInksom mres,3it frighte etfc.) withone
itsrfignte asirtacret. dangh/a ailt o t

tankOn th~ue otpgrhadnd, igt wudbe possibl e tionupgrade i
sorme f a ea itn ytesi as, wehaee in rtoith ode to detregmionall
whther Nit mightbes possible fort sore perhas an edatremtei

Dual-use toechdnoloy prdutelop thi alupoathe caheseit for

civil products which are not now normally controlled to LDCs
even though in most cases their export to Cormunist coun-
tries would no~t be permitte~d. Table 9, below, suggests
several possibilities but it should be emphasized that
thesex are exltremnely tentativle selections. We do niot knc:w
in most cases how well some of these products would perform
in military roles nor are we sure of what would be involved
technically in adapting these products to military purposes
and integrating them into the weapons systems as a whoi&,.

* See Vol~une III of this series.
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TABLE 9. SO?. KEY DUAL-USE TrC, ILP YEqu-5

* CIVIL INERTIAL NAVIGATIO• SYSTEMS CAPABLE OF USE ON.

-- Cruise MAIlNlE
ii'-- B a l l is t itc Mis ilts (ro o d s n e ed e )

- Naval Crafdt

•,an- ands atg on Systm for Tanks

"CA LI CAPABLE OF USOON:"li: - Ki1itary Ai.rcrft

-Cruise MiVsiles

S- .rcsoiGiddu~in

-- At:tack Hei copters

- RPVs

I. CIVIL MARINE TURCOSHAFT/DIESEL ENUGINES ACD GEARBOXES M
CAPABLE OF USE ON:

Naval Craft
0', CIVIL HIGHI POWER DIESEL ENGINE"$ AND TRANSMISSIONS CAPkBLE

:, ~OF USE ON:

- FgTanks mer

- Armorc Cars
- APCs

CIVU L NIGHT VAOSIO U D E VIC E S CAPABLE OF USE ON:
-- Amur~d Vehicles

- Navat Craft-- Pructsion Guid~d Muni1tions•
')i. - R PV %

10 CIVIL AIRBORNE COMMUNICATI~ONS EQUIPMENT CAIPABLE O'F USE uN4:

•- Military. Transport Aiecraft
iii,:-* Fighterut

-- Fighter-boobers
-- Helitcopters

0Ii CIVIL AIRSORNE NAVIGATION AttD DIRECTIO14-FINDING• EQUIPMENT

,CAPABLE OF 5E ON:

Hl lt~ay Transport AicfI•ti,';: -- ighters
iit' -- Fightm-bomber,

iI: -- Helitcopters

4; UNDERWATER ACOUSTIC OR ULTRASO}NIC DEVICES CAPABLE OF USE ON:

i' -- ASW Patrol %ots,

!!55



AC8WCI22

FINDINGS AND CONCLUSIONS

, For most LDCs, motivation for developing a
* capability to produce arms arose in varying

degrees from the concerns for their national
security which initiated the arms acquisition
process. A factor common to all, however, is
their determination to lessen dependence on
traditional arms suppliers. Although LDCs
wish to be the sole judges of their weapons
needs and the timing and circumstances of
their employment if threatened with invasion
or internal dissension, a connectivity to
arms suppliers in the developed world will
remain.

* Economic considerations have generally been of
secondary importance in the inktial decision
by LDCs to produce arms indigei4ously. Over
time, however, economic factors began to
assume increasing importance. For example,
as individual LDCs such as Brazil, Israel
and Yugoslavia, developed arms production
capabilities, they looked to the arms export
market to offset the cost of continuing arms
purchases and to reduce overall balance of
payments deficits. Others, notably Egypt
and India, use arms production to lower
unemployment and alleviate the "brain drain."

* Whereas motivations for arms production vary
among LDCs there is a common pattern in the
stages whereby LVCs achieve an arms production
capability (even though the manner and rate of
progression through these stages can vary
considerably):

- Arms sales or deliveries by foreign
suppliers,

- Creation of maintenance/overhaul
capabilities and facilities to support
acquired weapons systems,

- Assembly and production under license, 4
coproduction, or joint venture agreements
with foreign suppliers.

- Indigenous design and production.
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Note: At each of the above stages, LDCs can
utilize modular techniques to upgrade the weapons sys-
tems in their inventories.

* Despite their efforts to create indigenous
arms production capabilities, LDCs will.
continue to purchase arms abroad in order
to meet specific needs, especially at the

upper levels of sophistication.F Since the early 1970's a shift has occurred
in LDC patterns of arms acquisition from a
limited number of suppliers (predominantly
the two superpowers) to many more, primarily
in Western Europe. For example, between
1974 and 1977 the British, French and West
Germans alone, among the many West European
arms suppliers, concluded arms sales in
excess of $16 billion, which nearly equalled
Soviet sales over the same period. This
change has significantly increased LDC
options in acquiring arms on terms
more favorable to themselves.

* In addition to the expanding role of Western
Europe in arms supply, several of the more
advanced LDCs specialize in sales to other
LDCs thus further broadening the options
open to LDCs with regard to the acquisition4
and employment of weapons systems, primarily
at the lower end of the technology spectrum.

0 Progress in developing an indigenous arms
production capability has been greatest in
those LDCs possessing the broadest range of
manufacturing technologies, the most sophis-
ticated instrumentalities for controlling
and directing investments in defense indus-
tries, and the highest levels of competence
in their scientific and technical personnel.

* The various forms of licensed production
available to LDCs remain the moet effective
and commonly practiced means of ach4.eving
technology transfer and developing a local
armaments industry. As competition among
suppliers increases, LDCs should be able to
conclude more favorable licensing arrange-
ments. Brazil has shown this to be possible.
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* Possession of such an infrastructure does
not, however, automatically imply the
development of an indigenous arms produc-
tion by any given LDC. Mexico, for Pample,
has an industrial base which compares favor-
ably with the largest LDCs studied yet has
so far not undertaken indigenous arms pro-
duction to the extent practiced by any of
the others. If Mexico were for any reason
motivated to develop an indigenous arms
industry, its progress might be rapid indeed.

* No LDC has developed an indigenous capability
to design and produce more advanced weapons
systems without recourse to some foreign
assistance. This factor does not, by itself,
necessarily reflect the technical ability of
LDCs over time to reduce the level of such
assistance if circunstances so require.*
Among the exceptions to this for all LDCs
might be the production of advanced jet air-
craft engines.

Virtually all manufacturing technologies are
applicable to some phase of arms production,
hence can be termed "dual-use technologies."
For the production of more advanced weapons
systems, however, LDCs would normally prefer
to utilize military applications of dual-use
technologies. If for any reason military
applications are not available, LDCs could
then attempt to (a) purchase such products
of these dual-use technologies as they can
directly adapt to military use, or (b) ac-
quire dual-use technologies through commer-
cial channels with which they them.3elves can
manufacture the required systems.

* Each of the LDCs studied will be able to
upgrade obsoles'cent weapons system6 in its
possession throlagh purchase of modular
military components significantly increas-
ing their threat potential. This study has
not addressed the availability of these
modular components; however, many of them
appear to be accessible to LDCs.

• Note that interdependence in weapons sytems production
is not confined to LDCs but is common in advanced nations.
In many instances this is the most cost-efficient way to go.
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* A number of LDCs can enhance the perfor-
mance of systems currently in their posses-
sion through the manufacture, either under
license, or indigenously, of some of the
modular subsystems or components using
commercially available dual-use technologies.

* Some LDCs will produce weapons systems,
incorporating 1960's vintage technologies,
initially under license and gradually in-
creasing the percentage of indigenously
produced components, and may then upgrade
them by adding modular subsystems or com-
ponents. The latter may be purchased,
manufactured under license or produced
indigenously. Comamercially available dual-
use technology will suffice at this level.

* Indigenous production of weapons systems
incorporating 1970's-1980's levels of
sophistication would require application
of two or more critical dual-use tech-
nologies. Because civil utilization of
the latter increasingly leads military
applications and plays a vital role at many

V levels of modern industry, they are both
available and eagerly sought by LDCs.
While, for the present, only Israel among
the LDCs studied could absorb them and
apply them to advanced weapons construction,
it isn't unreasonable to assume that the
ntumber of LDCs reaching levels of technical
competence which would permit such exploita-
tion of these technologies will gradually
increase.

* Future time frames within which LDCs will
be capable of absorbing and applying criti-
cal dual-use technologies to the design and
production of advanced weapons systems may
be significantly reduced by comparison with
lead time required in the past assuming LDCs
are prepared to make the necessary dedica-
tion of effort and attendant investment in
resources.

* There is little evidence that the LDCs stud-
ied have joined in consortium fashion to co-
produce advanced weapons systems of their own
design.
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* So far there is only limited evidence to
justify concerns that some LDCs have sought
covertly to exploit critical dual-use tech-
nologies for the development of advanced,
potentially destabilizing weapons systems.*
The lack of evidence may derive from the
limited scope of the analysis of the problem
to date. It is more likely, however, that
few LDCs feel it necessary to act covertly
in exploiting technologies which are readily
available from multiple suppliers.

* In their ability to produce advanced weapons
systems, LDCs are clearly well behind the
"state of the art" reflected in U.S. designs
and will probably remain so. On the other
hand, the lower levels of sophistication and
complexity represented in the weapons sys-
tems LDCs now possessed and are likely to
acquire (direct purchase or production) over
the next several years could offer advantages
to LDC military and naval forces in terms of
potential combat and cost effectiveness.

• There are indications that South Korea, in its efforts
to modify and expand the capabilities of the Nike-Hercules
surface-to-air missile well beyond its assigned :ole, has
acted with considerable discretion in acquiring commer-
cially from the United States and foreign countries certain
components which are essential to the planned modifications.
India too, may be using the development of launch vehicles
for its civil space program to mask the growth of an IRBM
effort.
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